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Preface

The model investigation reported herein was authorized by Headquarters,
U.S. Army Corps of Engineers (HQUSACE), on 3 September 1991 at the
request of the U.S. Army Engineer District, Sacramento (SPK).

The studies were conducted by personnel of the Hydraulics Laboratory
(HL), U.S. Army Engineer Waterways Experiment Station (WES), during the
period September 1991 to December 1991. All studies were conducted under
the direction of Messrs. F. A. Hermann, Jr., Director, HL; R. A. Sager,
Assistant Director, HL; and G. A. Pickering, Chief, Hydraulic Structures
Division (HSD), ELL The tests were conducted by Messrs. V. E. Stewart, Sr.,
M. W. Ott, and W. G. Davis, Locks and Conduits Branch, HSD, under the
supervision of Mr. I. F. George, Chief of the Locks and Conduits Branch.
This report was prepared by Mr. Davis.

The models were constructed by Messrs. Ed A. Case, C. H. Hopkins, and
Joe A. Lyons under the supervision of Mr. Sid Leist, Engineering and
Construction Services Division, WES.

During the course of the investigation the following personnel visited WES
to observe model operation, discuss test results, and correlate these results with
concurrent design work: Mr. Frank Khroun of the U.S. Army Engineer Divi-
sion, South Pacific, and Messrs. Ed Sing and Dan Pridal of SPK.

At the time of publication of this report, Director of WES was Dr. Robert
W. Whalin. Commander was COL Leonard G. Hassell, EN.
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Conversion Factors,
Non-SI to SI Units of
Measurement

Non-SI units of measurement used in this report can be converted to SI units
as follows:

Muiply By To bhin

cuibic bet 0.02131685 cubic metors

bet 03048 meIel

ifhes 25.4

miss (U.S. sMt) 1.09W344 Idlomegs,

V



1 Introduction

The Prototype

The Berryessa Creek flood control project is designed to provide 100-year
flood protection to portions of Santa Clara County, California (Figure 1).
Berryessa Creek flows through the rapidly urbanizing area of the city of
Milpitas. The project reach extends approximately 4 miles1 from its upstream
limit near Old Piedmont Road (foothill line) downstream to Calaveras
Boulevard where it joins an existing flood control channel constructed by the
project's local sponsor, the Santa Clara Valley Water District (SCVWD).

The model studies were concerned primarily with the channel junctions of
Berryessa Creek and three of its major tributaries.

Purpose of Model Studies

The purpose of the model investigation was to evaluate the performance of
the proposed designs and develop desirable modifications, if needed, to safely
pass the 100-year-frequency discharges through three channel junctions of
Berryessa Creek and three of its major tributaries. These tributaries will enter
the main channel either at a right angle or a sharp angle with a small radius of
curvature. Specifically, the Sierra Creek, Los Coches Creek, and Piedmont
Creek junctions with Berryessa Creek were investigated. Flow conditions at
the Sierra junction are expected to be supercritical flow and are complicated by
the need to transition through an existing box culvert less than 100 ft down-
stream from the junction. Flow conditions at the Los Coches and Piedmont
Creek junctions are expected to be high velocity, but subcritical, on both the
main channel and tributaries of each junction. Physical model studies of these
junctions were desired because of the possibility of significant cross waves and
turbulence generated at the junctions, which could reduce flow conveyance.
Also, the problem of the lack of available design guidance for sharp angle, low
radius of curvature flow junctions, and the deficiencies of analytical methods

1 A table of fadots 1w otmmvUtM noi.SIimisB of meutmma to SI uaits is brnd oa
per V.

Omplie I ftoclduan



00-

N~ N

~E

K ~I\

AIi

2 -- rlo I 1 dco



for estimating hydraulic losses at such junctions dictated the need for the phys-
ical model studies. Specifically the model studies were to determine the
following:

a. Flow conditions and water-surface profiles throughout the Sierra junction
model for a range of discharges for Manning's n roughness values of
0.014 and 0.012.

b. Flow conditions resulting from expansions, contractions, confluence, and
bridge piers.

c. Effective methods for modifying the channels to increase the hydraulic
capacity and improve flow conditions.

ChmpWI W~ouc~n3



2 The Models

Description

Berryesslerra Junction

The 1:16-scale model of the Berryesa/Sierra Creek junction reproduced
approximately 500 ft of the Bernyessa channel (170 ft upstream from the junc-
tion)a nd 200 ft of the Sierra channel. A general plan and profiles of the
modeled reach are provided in Plates 1 and 2, respectively.1 Dry-bed photo-
graphs of the model are shown in Figure 2.

The coefficient of roughness of the model surface of the channels had pre-
viously been determined to be approximately 0.009 (Manning's n). Basing
similitude on the Froudian relation, this n value would be equivalent to a
prototype n of 0.0143. The n value used in the design and analysis of the
prototype channels for the Berryessa/Sierra Junction varied from 0.012 to
0.014; therefore, supplementary slopes were added to the model to correct for
this difference in the n values of the model and prototype.

BOrymma/L Cochm Junction

A 1:20-scale model of the Berryessa/Los Coches creek junction reproduced
approximately 600 ft of the Berryessa channel and 200 ft of the Los Coches
channel. The channels were constructed of plastic-coated plywood and
installed on a tilting flume enabling the invert slopes to be adjusted to repro-
duce an energy gradient equivalent to that resulting from a Manning's rough-
ness coefficient n of 0.016 in the prototype. 1his was the only roughness
value simulated for this study and the Berryessa/Piedmont Junction study. A
general plan and profile of the modeled reach are provided in Plates 3 and 4,
respectively. Dry-bed photographs of the model are shown in Figure 3.

1 All elevatios (et) cited heren ae iinfet rened to the Nstlonal Geodetic Vatica1 Datum

(NOVD).
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a. Looking upstream

-10

b. Looking downstream

Figure 2. The Berryessa/Sierra channel junction model (Continued)
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Mn~uil Avenue boix culvert

Berryessa/iuedmont Junction

1 .2 , h Hli 110kl ;ii'd i,ItIWI !Ilk huhkI di 1111!\ Hit' t h rid c midt pit I.

'I'.i 01( cit \ i iuti 11111 '1.1 1t\\,'" h iu't tlO ILI 1h( ilk prCA .h

Model Appurtenances

IIA patIkdle \A hu(el I I I\% mIeters. %k circ ki 11I( %1, iev hn unirtur ing theC 1110du. WA ILtt

stirlice cle\'atliows were mecasured wAith polint gagv~s. Velocities were mieasure-d

%Aith co mmercial nmeters moulin ted I( pwrillt nit flisuci telent ()I How f rom ain\

dir-ct ion and at any depth. 'Faflwater elevatit ns in thu lowe-r end ol the Los
( ocimes and Piedmont jumnction miodels were maintained at the desired depth hý'
mea~ns o1 an dJUStaieC tailgate. 1)111cernt designs,, along wvith variotits f low
conditions, were recorded photogramphically.
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a. Looking upstream

Figure 3. The BerryessafL.os Coches junction model (Sheet 1 of 3)
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b. Looking downstream

Figure 3. (Sheet 2 of 3)
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Scale Relations

The accepted equations of hydraulic similitude, based on the Froudian
criteria, were used to express mathematical relations between the dimensions
and hydraulic quantities of the model and prototype. General relations for
transference of model data to prototype equivalents are presented in the
following tabulation:

Modol:Pratotype

Berryo"naA.os Coches
CharaculIac DimensonI rryessa/SIerra Beymessa/PIdmont

Length L=L 1:16 1:20
Area Ar=Lr2 1:256 1:400

Velocity Vrl~rl/2 1:4 1:4.472
Discharge Qr=ýr/ 1:1,024 1:1,788.854

"Time Tr=Lr1/ 2  1:4 1:4.472

'imnis wre in terms of length.

Measurements in the model of discharges, water-surface elevations, and veloci-
ties can be transferred quantitatively from model to prototype equivalents by
means of these scale relations.

10 ChOwer 2 The Models



3 Tests and Results

Berryessa/Sierra Junction

Tests were conducted to observe general flow conditions and determine the
adequacy of the proposed channel improvements for the Berryessa Creek chan-
nel and its junction with Sierra Creek The Manning's n roughness coefiient
of the prototype channels could range from 0.012 to 0.014 depending on the
quality of construction and the abrasive characteristics of the flows during the
design life of the project. Therefore, tests were conducted to simulate the
energy gradient resulting from both n values (0.012 and 0.014).

The invert slopes of the channels initially tested were adjusted to reproduce
an energy gradient resulting from a Manning's n roughness coefficient of
0.014 in the prototype. Water-surface profiles measured with total discharges
of 670, 2,180, and 2,680 cfs (design discharge) are provided in Plates 6-8.
"ITe distribution of flow between Berryessa Creek and Sierra Creek for these
discharges was 100 and 570 cfs; 2,130 and 50 cfs; and 2,130 and 550 cfs,
respectively. Flow was contained within the channel walls for all discharges
tested up to the design discharge. The wall heights shown on the profile plates
were provided by the U.S. Army Engineer District, Sacramento. The model
walls were constructed taller to ensure that all flow was confined to the chan-
nel. Flow conditions with the design discharge of 2,680 cfs are shown in
Photo 1.

Velocities recorded at the junction are shown in Plate 9. Water-surface
differentials between the left and right walls of the channel occurred in the
vicinity of the junction for each flow condition tested. These differentials
resulted from cross waves created by the abrupt width expansion at the junc-
tion, the change in wall alignment on the left wall due to the width transition
beginning at sta 247+80, and the differences in depth and energy between
Berryessa and Sierra Creeks entering the junction.

At the entrance to the Morrill Avenue box culvert, the high-velocity flow
struck the bridge pier causing flow separation and spray. It should be noted
that this disturbance was very localized and did not significantly affect channel
capacity for discharges up to the design flow. A radial pier nose extension
(type 2 design pier nose, Plate 10) installed on the original pier did not

Chapsr 3 Tois and Isults 11



significantly improve flow conditions. The bridge pier was then modified by
adding a triangular pier extension (type 3 design pier nose, Plate 10). This
pier nose design virtually eliminated the flow separation and spray caused by
the original flat pier nose. Flow conditions at the entrance to the box culvert
for the design discharge with the original pier and with the type 3 pier nose
are provided in Photos 2a and 2b, respectively.

Tests were conducted to determine the discharge that would cause the box
culvert to prime (flow full) with the type 3 pier nose installed. The discharge
in Berryessa Creek was held constant at 2,670 cfs while the flow in Sierra
Creek was gradually increased to 700 cfs (3,370 cfs total, 690 cfs higher than
the design discharge). This combination of discharges caused the box culvert
to prime. The left side of the culvert initially primed due to the reflected cross
waves from the junction. Once the culvert primed, a hydraulic jump formed
upstream from the culvert. The toe of the jump occurred upstream from the
junction. The downstream sequent depth of the jump was higher than the
proposed wall heights in Berryessa upstream from the Morrill Avenue box
culvert. The jump also resulted in the flow in Sierra Creek increasing to a
depth that was higher than the proposed wall heights. This flow condition is
shown in Photo 3 and water-surface profiles are provided in Plate 11. To
determine the discharge at which the box culvert would again reach free-
surface flow, the discharge in Sierra Creek was gradually reduced from 700 cfs
while maintaining 2,670 cfs in Berryessa Creek Test results indicated that the
flow in Sierra Creek had to be reduced to zero before free-surface flow was
again achieved in the box culvert.

The invert slopes of the model were adjusted to reproduce the energy
gradient for a roughness coefficient (Manning's n) of 0.012. Water-surface
profiles recorded with combined discharges of 670, 2,180, and 2,680 cfs are
shown in Plates 12-14, respectively. Again, cross waves were present in the
vicinity of the junction, as discussed previously for an n value of 0.014.
Flows were contained within the channel walls for all discharges tested up to
the design discharge. Due to discharge limitations in the model, the box cul-
vert would not prime with the lower n value. The maximum discharge tested
was 2,670 cfs in Berryessa and 1,100 cfs in Sierra, for a total discharge of
3,770 cfs (1,090 cfs higher than the design discharge).

Water-surface elevations for the various flow conditions and the different n
values tested are tabulated in Tables 1-7. As expected, water-surface eleva-
tions were slightly higher with the higher n value, and flow velocities and
waves created by disturbances were slightly higher with the lower n value.

Berryessa/Los Coches Junction

Water-surface profiles measured through the Berryessa Creek and Los
Coches Creek junction with total discharges of 1,630, 3,570, 4,780 (design
discharge), and 5,800 cfs are provided in Plates 15-18, respectively. The

12 Chmopbr S Tab nd Reamt



distribution of flow between Berryessa Creek and Los Coches Creek for these
discharges was 100 and 1,530 cfs; 3,470 and 100 cfs; 3,470 and 1,310 cfs; and
4,210 and 1,590 cfs, respectively. Flow conditions with the design discharge
of 4,780 cfs are shown in Photo 4. Water-surface elevations measured, which
are tabulated in Tables 8-11, were compared with Sacramento District's
computed values for the design discharge. The measured elevations were
approximately 1.0 ft lower than the computed and occurred upstream from the
junction from sta 109+00 to sta 111+00. This indicated that less head loss
occurred in the model at the transition and junction than was used by
Sacramento District to compute the profile. Flow was contained within the
channel walls for all discharges tested for a Manning's n value of 0.016.

Berryessa/Pledmont Junction

Two flow conditions were documented at the Berryessa Creek and Pied-
mont Creek junction: (a) 100 cfs in Berryessa and 600 cfs in Piedmont and
(b) 2,970 cfs in Berryessa and 500 cfs in PiedmonL Satisfactory flow condi-
tions were observed for both conditions tested with water-surface elevations
lower than proposed channel slope heights for a Manning's n value of 0.016.
Water-surface profiles and the corresponding elevations are provided in
Plates 19 and 20 and Tables 12 and 13, respectively.

cOW 3 Ton &Wd Ri... 13



4 Conclusions

Tests to determine the adequacy of channel improvements for the
Berryessa/Sierm Creek junction indicated that the original design would effec-
tively convey the design flow conditions, and with minor modifications, flow
conditions could be improved.

It was anticipated that the Manning's n roughness coefficient of the proto-
"type concrete-lined channel at the Berryessa/Sierra Creek junction could range
from 0.012 to 0.014, depending on the quality of construction, aging, and
maintenance. Water-surface elevations would be slightly higher with the
higher n value, and flow velocities and waves created by disturbances would
be slightly higher with the lower n value. Thus, tests were conducted to simu-
late the energy gradient resulting from both n values.

Tests indicated that flow conditions at the Morrill Avenue box culvert could
be improved with the addition of a triangular pier extension (type 3 design pier
nose). Tests indicated that the channel design for Manning's n values of 0.014
was adequate for flows less than a discharge of 2,670 cfs in Berryessa Creek
and 700 cfs in Sierra Creek (3,370 cfs total, which is 690 cfs high than the
design discharge). Test results also indicated that the channel design for a
Manning's n of 0.012 was adequate for flows less than discharges of 2,670 in
Berryessa and 1,100 cfs in Sierra Creeks (3,770 total, which is 1,090 cfs
higher than the design discharge). With discharges greater than 3,370 cfs
(n = 0.014) the Morrill Avenue box culvert would prime (flow full), resulting
in significant overtopping of the proposed channel wall heights upstream.

Tests to determine the adequacy of channel improvements for the
Berryessa/Los Coches Creek junction for a Manning's n value of 0.016 indi-
cated that the original design would effectively convey the design flow
conditions.

Tests to determine the adequacy of channel improvements for the
Berryessa/Piedmont Creek junction indicated that the original design would
effectively convey design flow conditions for a Manning's n value of 0.016.

14 chapbr 4 scanlaom



Table 1
Water-Surface Elevations, Berryessa Discharge 100 cfs, Sierra
Discharge 570 cfs, n = 0.014

Elmvmaon

swnum Left SWd* Notm F t Side

24_+50 100.80 100.80 100.80

248+03 99.72 99.71 99.85

248+00 99.85

247+96 100.64 101.11 100.57

247+40 101.04 101.26 101.10

247+50 99.69 100.19 100.72

247+35 96.56 99.87 99.97

247+15 99.90 99.03 99.26

247+00 99.32 96.79 99.61

248+79 98.76 96.44 98.76

24849.5 - 99.23

246+50 96.72 99.40

248.42 99.83

246+34.8 - 99.03

24e+24.2 99.41

246+19.7 - 99.22

246+11.4 99.17

245+97 99.11 99.03 99.31

245+50 97.87 97.93 97.90

245+00 97.65 97.80 97.56

Sierra Crmk

1+00 108.27 108.29 106.34

0+64 106.02 106.20 106.30

0+50 107.73 106.07 108.20

0+30 106.12 108.30 106.73

0+25 107.65 107.80 107.87

0+20 106.26 106.21 108.11

0+00 102.45 103.32 102.62

Note: Sides of dchnnel wm roelnoed It looidng down.a m.



Table 2
Water-Surface Elevations, Berryessa Discharge 2,130 cfs, Sierra
Discharge 50 ds, n = 0.014

Elevatlon

Stwtion Left Side Cantor ight S

Be-ym Creek

248+50 105.97 105.41 105.91

248+00 104.10 104.30 104.07

247+80 103. 38 103.50 103.73

247+73.A 101.23 102.1 104.21

247+35 1 03.78 1 0.90 100.70

247+24.6 102.87 102.11 99.84

247+06.4 101.08 101.16 103.56

246+8. 100.14 100.89 101.42

246+76 100.45 101.75 101.03

24e+50.6 102.46

246+50 - 101.29

246+43.6 - 101.72

246+35.6 100.07

246+25 - 100.33

246+23.4 102.40

246+07 - 101.83

245+97 100.17 101.26 100.68

245+50 100.54 100.47 100.07

245+27.7 99.71 100.12 101.25

245.00 100.00 100.49 00.00

Noab: Dmal for Sierra Creek not avalabe.



Table 3
Water-Surface Elevations, Berryessa Discharge 2,130 cfs, Sierra
Discharge 550 cfs, n = 0.014

SWIMt e CLatar I R Ms

248+75 106.42 106.15 106.41

248+50 105.97 105.67 105.78

248+2; 104.40 105.04 104.70

248+00 104.65 103.94 104.20

247+80 103.18 103.86 103.68

247+70 101.50 103.23 104.28

247+53 104.06 102.86 103.83

247+42 104.14 104.65 102.78

247+17 103.29 102.92 104.81

247+00 102.60 103.01 102.71

246+86 103.05 103.05 102.03

246+76 103.45 102.55 102.42

246+67 102.67

246+50 102.24 103.20

246+37 102.16

246+23 102.72

246+15 103.05

246+11 102.82

245+47 102.43 102.30 101.69

245+75 101.54 101.83 102.20

245+50 101.83 102.07 101.79

245+33 101.96 101.69 101.61

245+17 101.69 101.97

245+10 101.25

244+97 101.90 101.53 101.45

1+25 107.54 107.52 107.56

1+00 107.50 107.46 107.54

Noal: 8des of dwhml ae rebronmd I) ng domnnamm.



Table 3 (Concluded)

I Elevmlon

Left lide C -I ov R" mom se

snm Crofk (CmftQm_

0+64 107.24 107. 107.48

0.30 107.21 107.39 107.82

0+25 106.86 106.84 106.94

0+20 105.14 105.18 104.94

0+15 103.56 103.72 103.48

0+00 102.29 102.66 102.43



Table 4
Water-Surface Elevations, Berryessa Discharge 2,670 chs, Sierra
Discharge 700 cfs, n = 0.014

Elevation

Stalln Left Side Centr Right Oid.

Beryess Crook

248+75 107.69 107.00 107.65

248+50 10640 106.21 109.19

248+35.6 110.67 111.47 112.00

248+25 111.76 110.65 110.63

248+00 110.66 112.73 112.17

247+85 112.73 112.17 112.57

247+47 111.42 112.07 112.02

247+20.6 111.24 111.05 110.46

247+07.2 111.64 111.75 112.84

246+70 113.24 113.24 113.24

246+80.4 110.83 110.63 110.83

246+50 106.56 106.56 16.

245+98.6 106.08 106.08 106,08

245+92.2 106.48 106.46 108.48

245+50 104.07 104.07 104.07

245+00 104.01 104.01 104.0I

Sierr Creek

1+00 111.92 111.92 111.92

0+64 111.97 111.97 112.05

0+50 111.70 111.96 112.17

0+30 111.96 111.96 112.27

0.25 111.80 111.80 111.80

0+20 110.99 110.91 111.23

0+16.8 110.!9 110.29 110.26

0+08 111.42 111.47 111.52

0+00 111.31 111.38 111.44

Nob: Sides of dmhnI ear refrenced to looki downntreamm. Box culvert is primed,
em 46+76 to sta 245+97. Wate surface psUrmr grom box culet is above top of
"wa.



Table 5
Water-Surface Elevations, Berryessa Discharge 100 cfs, Sierra
Discharge 570 cts, n = 0.012

SBud= Lf Rid ca ght m ide

248+50 100.34 100.27 100.27

248+00 99.16 99.16 99.16

247+92.5 99.04 99.00 96.96

247+87.2 99.92 99.94 99.92

247+80 100.22 100.22 100.13

247+70.4 100.55 100.28 100.33

247+50 99.18 99.23 100.53

247+35 96.38 99.30 99.62

247+09.4 97.49 98.66 99.06

247+00 99.41 98.32 96.68

246+76 96.33 97.72 97.75

246+59.6 - 97.65

246+50 96.16

246+30 - 97.80

246+25 96.09

246+18.6 - 97.82

246+09 97.92

246+07.4 - 97.59

246+04.2 100.21

245+97 97.83 97.72 97.75

245+83 97.61 97.67 97.56

245+62.8 97.29 97.56 97.93

245+50 97.21 97.31 97.56

245+25 97.19 97.12 97.27

245+00 97.32 97.22 97.11

Sierra Crook

1+00 107.81 107.74 107.84

0+64 107.56 107.73 107.8

No%: Side. of dnwwWe - rebernmd looking downuskem.



Table 5 (Concluded)

IEvB on

Sao a Left We Cnrow Mght Oide

SbnCm*k Connud)

0+50 107.17 107.70 106.07

0+30 107.37 107.53 108.14

0+25 106.91 106.99 106.97

0+20 106.03 106.10 106.00

0+10 103.05 102.57 102.97

0.00 101.62 101.92 101.89



Table 6
Water-Surface Elevations, Berryessa Discharge 2,130 cfs, Sierra
Discharge 50 cfs, n : 0.012

EleVton

Shlon Lft SMe C~r Non Sa"

- cým cm_

248+75 106.12 105.82 106.56

248+50 105.49 105.35 105.38

248+25 104.45 104.50 104.48

248+00 104.04 103.91 103.82

247.80 103.02 103.23 103.31

247+74.8 100.91 10±72 103.44

247+50 103.21 101.15 102.35

247+35 103.66 101.87 100.98

247+20.8 102.68 102.29 99.67

247+10.9 - 99.71

246+76 99.75 100.29 101.17

246+70.8 99.56

2486+86 101.05

246+50 100.56 101.76

246+36 - 102.49

246+37.2 100.24

246+20 99.50

246+16.2 - 101.52

24e+04.2 100.21

245+97 100.28 100.44 101.79

245+75 99.77 100.30 99.95

245+55.6 101.19 100.49 99.02

245+34.8 100.06 99.47 100.97

245+12.8 96.98 100.05 10039

245+00 99.32 99.91 100.76

244+84 100.74 99.56 9.05

ws. Cnm

14.00 102.78 102.78 102.78

NoW: Skies of dwmNel m robemnoed t Ioddng downafrem.



Table 6 (Concluded)
Elm*=~o

smwum Left ide Cmr t wlde

0+4 102.77 102.77 102.77

0+30 102.56 102.56 102.80

0+25 102.28 102.33 102.40

0.+2 99.20 99.04 90.14

0+11.7 98.65 96.03 98.55

0.00 100.35 100.50 100.29



Table 7
Water-Surface Elevations, Berryessa Discharge 2,130 cfs, Sierra
Discharge 550 cts, n = 0.012

glomi Le.ft 31. Cotner Righ Sift

-oryo Cmwk _ _ _

248+75 105.94 105.69 105.96

248+50 105.36 105.52 105.46

248+25 104.36 104.46 104.40

248+00 103.96 103.67 103.64

247+80 103.06 103.23 103.36

247+74.2 101.19 103.04 103.58

247+56.6 103.79 102.71 103.11

247+35 103.52 103.66 102.32

247+11.8 - 101.40

247+00 101.99 101.94 103.83

246+76 101.67 102.25 101.59

246+62 102.47

246+50 102.32 102.56

246+35.1 101.51 -

246+25 - 101.53

246+19.6 102.22

246+00 - 102.91

245+75 101.18 101.74 100.84

245+50 101.35 101.05 101.47

245+25 100.40 101.22 101.06

245+09.6 101.06 101.62 101.72

245+00 101.43 101.63 101.05

244+67.2 101.06 101.09 100.94

Sien Cimk

1+00 107.78 107.71 107.84

0+64 107.54 107.73 107.68

0+30 107.40 107.55 107.95

0+25 102.02 106.88 107.04

(CNaI*w

N ab: S1d es of dhannul e r oe ru oe t Iooldng d emsn team .



Table 7 (Concluded)
Il

-__a Left Sm. COOe Kht momdw

Skr. Crook (Cmonu

0+2D 106.24 107.63 107.54

0+00 101.96 102.43 102.42



Table 8
Water-Surface Elevations, Berryessa Discharge 100 cfs,
Los Coches Discharge 1,530 f, n = 0.016

smfUn LAft Slde Cent Right Side

BMw-y Croek __

111400 22.84 22.72 22.82

110+50 22.77 22.63 22.73

110+00 22.59 22.65 22.61

109+50 22.68 22.60 22.66

100+05 22.53 22.49 22.55

106+81 22.72 22.64 22.70

106+36 22.82 22.58 22.62

108+00 22.56 21.82 21.92

107+46 25.41 20.91 20.00

106+99 20.71 20.17 18.79

106+75 20.14 18.12 19.31

106+50 18.94 17.88 18.06

106+20 20.43 22.15 20.18

105+90 21.27 19.45 21.45

105+86 20.65 22.05 21.03

105+50 21.06 20.54 20.90

Los Caches Creek

0+36.5 27.42 27.30 27.44

0+40.3 27.96 27.02 27.46

0+61.3 27.59 27.77 27.60

Notb: Skies of channel are rebrenoed ti lkng donuesm.



Table 0

Water-Surface Elevations, Berryessa Discharge 3,470 cfs,
Los Coches Discharge 100 cfs, n = 0.016

Bewbos

smon Left So. C; mW RMht SMe

-mu Croo

111.+0 26.36 26.46 26.30

110+50 26.33 26.35 26.29

110+00 26.31 26.31 26.27

109+50 26.18 26.16 26.20

109+05 26.06 25.94 26.12

106.81 25.64 25.14 25.60

106+64 20.19 22.73 21.03

106+30 21.77 20.75 21.87

106+16 23.37 23.55 22.71

106+00 22.84 22.42 22.72

107+46 23.10 23.56 22.66

106+99 23.01 22.47 22.93

106+50 23.28 23.30 23.26

106+00 23.40 23.60 23.38

105+50 23.19 23.03 23.17

Los Coches Crook

0+36.5 22.66 23.08 22.96

0+49.3 24.10 23.60 24.06

0+61.3 24.51 24.43 24.43

No*: Sides of dcwh W m we robnwd o Ioahidg downkmm.



Table 10
Water-Surface Elevations, Berryessa Discharge 3,470 cfs,
Los Coches Discharge 1,310 cfs, n = 0.016

Slsion Left 8ide COONte lgtS

Benyeam Creek

111+00 27.24 27.12 27.06

110+50 27.07 27.03 27.03

110+00 27.05 28.99 27.01

109+50 26.92 26.90 21.90

109+05 25.76 28.88 26.84

108+81 26.42 26.06 26.18

108+30 25.91 25.15 21.19

108+00 25.76 25.80 25.94

107+46 25.44 25.34 24.24

106+99 24.97 25.07 25.19

106+50 25.04 25.02 25.36

106+00 25.12 25.02 25.24

105+,0 24.84 24.74 25.02

Los Coches Crmek

0+36.5 26.82 25.40 25.78

0+49.3 27.22 26.20 25.82

0+61.3 26.81 28.91 26.95

Nob: Sdkes of chdnl we rsemnced to looking downsnarm.



Table 11
Water-Surface Elevations, Berryessa Discharge 4,210 cfs,
Los Coches Discharge 1,590 cis, n = 0.016

Elevatio

m d c mL e ft W~ e C an w V AMMl t O

moVow Cnwk

111+00 28.24 28.16 28.10

110+50 2B.1 1 28.00 28.07

110+00 28.03 28.03 28.11

100950 27.06 27.94 27.98

109+05 27.81 27.65 27.89

106+81 27.42 27.03 27.48

106+64 25.97 25.95 25.83

106+49 25.88 25.34 25.90

106.30 28.25 25.99 28.59

106+00 28.80 28.78 28.56

107+46 26.64 28.16 24.80

106+.9 25.15 25.77 28.21

106+ 40 2 8.30 2 8.24 2 8.34

106+00 28.56 26.62 28.52

105+50 26.60 28.54 28.22

__ _ _Los Coches Creek

0+38.5 26.68 28.42 28.18

0+49,3 27.68 27.14 27.24

0+61.3 27.59 27.39 27.65

Nob: Sides of dumeI we rlbenmood to Iokding downsebem.



Table 12
Water-Surface Elevations, Berryessa Discharge 100 cfls,
Piedmont Discharge 600 cfs, n = 0.016

Elevation

M od Left Swde CII moRht Side

-yeCu _ _ _

127+50 24.10 24.06 24.04

128+00 24.16 24.02 24.10

128+50 24.24 23.92 24.22

129+00 24.30 23.96 24.14

129+25 23.00 23.72 24.06

129&,0 26.67 23.67 23.97

130+00 24.01 23.99 23.97

130+50 20.06 20.01

131+00 24.61 24.51 24.57

131+50 24.78 24.70 24.74

132+00 24.80 24.78 24.84

132+50 24.84 24.82 24.72

133+00 24.86 24.76 24.90

Piedmont Creek

0+36.5 23.47 23.73 22.57

0+49.3 30.48 27.92 30.32

0+52.5 30.46 2M.34 30.04

041.3 30.73 30.35 30.69

Note: Sides of channel we referenced Se lokin downstreem.



Table 13
Water-Surface Elevations, Berryessa Discharge 2,970 cdo,
Piedmont Discharge 500 cfs, n - 0.016

Eievlon

suLem= " e Center ht o i.e

we___ cree

127+50 31.42 31.48 31.44

128+00 31.42 31.46 31.30

128+50 31.30 31.46 31.36

129+00 31.32 31.44 31.34

129+25 31.36 31.30 31.36

129+50 31.47 31.47 31.55

130+00 31.53 31.53 31.07

130+50 31.33 31.3- 31.37

131+00 31.54 31.50 31.48

131+50 31.56 31.56 31.54

132+00 31.62 31.66 31.64

132+50 31.66 31.60 31.64

Pbedmont Creek

0+36.5 31.39 31.25 31.41

0+49.3 31.42 31.12 31.28

0+52.5 30A82 30.44 30.66

0+61.3 31.47 31.15 31.21

Nab: Sides of dhannel we reirencd to Ioondng downeam.



a. Looking upstream

b. Looking downstream

Photo 1. Berryessa/Sierra model with design discharge of 2,680 cfs (Sheet 1 of 3)



Photo) t(he t 2 ~ of3



e. Looking downstream at Morrill Avenue box culvert

f. Looking upstream at junction

Photo 1. (Sheet 3of 3)



MORRILL , JEE

a. Type 1 (original) design pier nose

MORRILL ;

b. Type 3 design pier nose

Photo 2. Morrill Avenue box culvert entrance, discharge 2,680 cfs
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a. Looking downstream

Photo 4. Berryessa/Los Coches model with design discharge of 4,780 cfs (Sheet 1 of 3)
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c. Looking upstream

Photo 4. (Sheet 3 of 3)



z

z

ILg

I £ 1 Jw

z

LLVS13

Ie

Pka I



_I _l

l!T

-,,-Ii I III IH



-a 3 = S-

Pde



-~~~i -- --- ;j

Oi

-a ma

d

L(m

Plift 4



+ F0
± z

XM. ILN"M+nWA

I~l7-- WIISAI

± IWI Al

0"rD %

plt±



-I u

I _

"I

! e It f # !d I

Jii iinwu U i14maw.

Plate 6



94

ii i

SI r

mno

lFbi

Pig 7

5 .I - 3 
I



*AftVAM Vaw

Plate 8



LL.
0 V)

LL.
00

< 1
(.4 C4 c

L&Jm

04 0 0

C~ 4 10 r

L0

z

Plate 9



a(/

cnq

LAEL

Plate 10



-lt IiiI

_It

LI
iIi

- - !-- il

Plate 11



- I II !

0% c

_ "I

4B

/ 01

1I

I I• Igroww

Plate 12

" " I I Id I



9lim
Iz

iiAM f ill

-- I L- I Iii

d i ¶gWU IdII m

ROM 13



I 
_

-' 

- I li

i 

~ 1 

i i 
i



- u - -- 0

-ILS
~~0 c-~-1-IM

IL U 
X

Plate 15



WISI '|

- ---

Plate 16

i. . i l U m m m m m l i m l i



- Q

40

1ww

~~I7Iww Il
OB420 oviisI

Plate 17



*0 o

i _i

_I~>Iw

rlie

Plate 18



AJWBWI" Pa tei 1



- -- - -

-I .3

13 a It l

Plate 20



REPORT DOCUMENTATION PAGE OMI No. Aporove
he~~~~~P0 "t0704Ond7..= ,= .oPIMCreot i • ng burdeni for this collection of informnathc i etitm a~ted to averae 1 hour •er resp~one. 0nduding the time tor reiw inmg lnstuctOns. ,.eidirng existing data sore..

cletiecon of InformatiOn. mduding suggestionsr •reducng this burden, to Winrtngtern Operations end eporfts, r215 Jefferson
0erss Highway. suite 5204. ArIngton. VA 22i202-4302. and tothe OffIce Of Manaugeent n Sudget. Ppewrworl Reduction Proiect (07040 IN). Washington. DC 2M0.

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 3. REPORT TYPE AND DATES COVEREDJuly 1993 
Final report4. TITLE AND SUBTITLE 

S. FUNDING NUMBERS

Berryessa Creek Channel Junctions, Santa Clara County, California;
Hydraulic Model Investigation

6 AUTHoR(s)
W. Glenn Davis

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
REPORT NUMBER

US. Army Engineer Waterways Experiment Station Miscellaneous Paper
Hydraulics Laboratory HL-93-2
3909 Halls Ferry Road, Vicksburg, MS 39180-6199

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING/MONITORING

US. Army Engineer District, Sacramento AGENCY REPORT NUMBER

1325 J Street
Sacramento, CA 95814-2922

11. SUPPLEMENTARY NOTES

Available from National Technical Information Service, 5285 Port Royal Road, Springfield, VA 22161.

12a. DISTRIBUTION (AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Approved for public release; distribution is unlimited.

13. ABSTRACT (Maximum 200 words)
Tests were conducted on a 1:16-scale and two 1:20-scale models of the Berryessa Creek and three of

its major tributaries to evaluate the performance of the proposed designs and develop desirable modifications, if
needed, to safely pass the 100-year-frequency discharges through the three channel junctions. Specifically, the
Sierra Creek, Los Coches Creek, and Piedmont Creek junctions with Berryessa Creek were investigated.

The Berryessa/Siem junction model (1:16 scale) reproduced approximately 500 ft of the Berryessa
channel and 200 ft of the Sierra channel. The model was constructed so that the slopes of the channels could
be adjusted to reproduce energy gradients equivalent to those resulting from prototype Manning's n values of
0.012 and 0.014.

Initial tests, conducted with the invert slopes adjusted to reproduce an energy gradient resulting from a
Manning's n value of 0.014, indicated that the original design would effectively convey the design flow
(2,680 cfs), and with minor modifications, flow conditions could be improved at the Morrill Avenue box
culvert. Tests indicated that flow conditions at the Morrill Avenue box culvert could be improved with the

(Continued)

14..SUBJECT TERMS 15. NUMBER OF PAGESrerryessa Creek Hydraulic models Siem Creek 66
Channel improvement Los Coches Creek 16. PRICE CODE
Channel junctions Piedmont Creek

17. SECURITY CLASSIFICATION 1 B. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT

UNCLASSIFIED UNCLASSIFIED _6

NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)
Prescrbed by ANSI Sti Z39-18



13. (Concluded).

addition of a triangular pier extension. Tests also indicated that with a total discharge of 3,370 cfs (2,670 cfs
in Beuryessa Creek and 700 cfs in Sierra creek) the Morrill Avenue box culvert would prime (flow full) and
significant overtopping would occur upstream from the box culvert.

Additional tests were conducted with the invert slopes adjusted to reproduce the energy gradient for a
Manning's n value of 0.012. Test results indicated that the original design was adequate to convey the design
discharge of 2,680 efs. Test results also indicated that the Morrill Avenue box culvert would prime for flows
greater than 3,770 cfs (2,670 cfs in Benyessa Creek and 1,100 cfs in Sierra Creek), resulting in significant
overtopping upstream of the box culvert.

The Berryessa/Los Coches Junction model (1:20-scale) reproduced approximately 600 ft of Berryessa
Creek and 200 ft of the Los Coches channel. The invert channel slopes were adjusted to reproduce the energy
gradient for a Manning's n value of 0.016.

Tests to determine the adequacy of channel improvements for the Berryessa/Los Coches Creek
junction indicated that for the original design, flow conditions were satisfactory for the design discharge.

The Berryessa/Los Coches Creek model was modified somewhat to reproduce the Berryessa/Piedmont
junction by removing the bridge and the constriction from sta 108+30 to sta 109+05, and increasing the
channel invert of Piedmont to a height of 8.5 ft above the Berryessa invert.

Tests to determine the adequacy of channel improvements for the Berryessa/Piedmont Creek junction
for a Manning's n value of 0.016 indicated that the original design would effectively convey design flow
conditions.


